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lie considers this only an approximation to the true normal gradient, 
and that the readings of the Coal-mines and Artesian -well experiments 
are, owing to the causes he enumerates, still too high. He also dis- 
cusses the question whether or not the gradient changes with the 
depth. His own reduction of the observations gave no result, but he 
points out that in all probability the circulation of water arising 
from the extreme tension of its vapour is stayed at a certain depth ; 
while as it is known experimentally that the conductivity of iron 
diminishes rapidly as the temperature increases, this may possibly in 
a different degree a.pply to rocks. If, therefore, there is any change, 
these indications would be in favour of a more rapid gradient. 

Taking all these conditions into consideration, the author inquires 
whether a gradient of 45 feet per degree may not be nearer the 
true normal than even the one of 48 feet obtained by the observa- 
tions. 



III. " On the Connexion between Electric Current and the 
Electric and Magnetic Inductions in the surrounding 
Field." By J. H. Poynting, M.A., late Fellow of Trinity 
College, Cambridge, Professor of Physics, Mason College, 
Birmingham. Communicated by Lord Rayleigh, M.A., 
D.C.L., F.R.S. Received January 31, 1885. 

(Abstract.) 

This paper describes a hypothesis as to the connexion between 
current in conductors and the transfer of electric and magnetic in- 
ductions in the surrounding field. The hypothesis is suggested by the 
mode of transfer of energy in the electromagnetic field, resulting from 
Maxwell's equations investigated in a former paper (" Phil. Trans.," 
vol. 175, pp. 343 — 361, 1884). It was there shown that according 
to Maxwell's electromagnetic theory the energy which is dissipated in 
the circuit is transferred through the medium, always moving perpen- 
dicularly to the plane containing the lines of electric and magnetic 
intensity, and that it comes into the conductor from the surrounding 
insulator, not flowing along the wire. 

Symbolising the nature of the induction by unit tubes drawn in the 
direction of the induction in the usual way, i.e., so that there is unit 
quantity of induction over every section of a tube, the electric induc- 
tion is equal to K x electric intensity -i- 4^, and the magnetic induction 
is equal to /tX magnetic intensity. The electric induction is the same 
quantity as" Maxwell's " displacement." The hypothesis now made 
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consists in the supposition that the electric and magnetic inductions 
are transferred through the medium in a similar manner to the 
energy, the induction being regarded as propagated sideways rather 
than along the lines or tubes of induction. The tubes of electric 
induction move in upon the wire containing a current, and are there 
broken up or dissolved, while the magnetic tubes, which are ring- 
shaped, contract upon the wire and finally disappear, the places of 
the tubes thus lost being supplied by fresh tubes sent out from the 
seat of electromotive force. 

Examining the basis of Maxwell's electromagnetic theory, it is seen 
to rest on three principles, viz. : — • 

I. The electric and magnetic energies are distributed through the 
field in a manner which can be assigned., Dividing the unit tubes 
into nnit cells by level surfaces drawn at unit differences of potential, 
each electrical cell, according to Maxwell, contains half a unit of 

energy, and each magnetic cell — unit. 

II. The line integral of the electric intensity round any closed 
curve is equal to the rate of decrease of the total magnetic induction 
through the curve. 

III. The line integral of the magnetic intensity round any closed 
curve, is equal to 4tt x, the current through the curve. 

The second and third principles are modified in a manner suggested 
by the supposed movement of the tubes of induction. 

II modified. Whenever electromotive force is produced by a change 
in the magnetic field or by motion of matter through the* field, the 
E.M.F. per unit length, or the electric intensity, is equal to the 
number of tubes-' of magnetic induction, cutting or cut by the unit 
length per second, the E.M.E. tending to produce induction in the 
direction in which a right-handed screw would move if turned round 
from the direction of motion, relatively to the tubes, towards the 
direction of the magnetic induction. 

This will give the result of II above, if the quantity of magnetic 
induction through a curve only alters by the movement of tubes in or 
oat across the boundary.. Reasons for the supposition are given. 

III modified. Using the term magnetomotive force^ a term sug- 
gested by Mr. Bosanquet, to denote the line integral of the magnetic 
intensity round the axis of a tube of induction, the third principle is 
as follows : — 

Whenever magnetomotive force is produced by change in the electric 
field, or by motion of matter through the field, the magnetomotive 
force per unit length is equal to 4ttx the number of tubes of electric 
induction cutting or cut by unit length per second, the magnetomotive 
force tending to produce induction in the direction in which a right- 
handed screw would move if turned round from the direction of the 
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electric induction towards the direction of motion of the unit length, 
relatively to the tubes of induction. 

These principles are applied to special cases. 

A Straight 'Wire carrying a Steady Current. 

When a current C is in a wire, C induction tubes are supposed to 
close in upon the wire per second, these being', as it were, broken up 
or dissolved, their energy appearing finally as heat. 

This accounts for the constancy of current at all parts of the 
wire in the steady state, in so far as it reduces this constancy to a 
particular case of the law, according to which there is the same total 
induction over all sections of a tube. 

Also, since C tubes are broken up in the wire per second, and the 
field is steady, C tubes must move inwards through any curve encir- 
cling the wire, and this will, by the third principle as modified, give 
a line integral of magnetic intensity round the curve equal to 4wQ. 

Since the electric intensity is not produced by static charges, we 
must suppose it due to the motion of magnetic tubes. If B is the 
electric intensity, E magnetic 'tubes must cut any unit length parallel 
to the axis of the wire per second moving inwards. 

On the supposition that the tubes bring their energy in with them, 
it is shown that the electric and magnetic tubes each account for half 
the energy, so that we may suppose that the energy crossing any 
surface is equally divided between the two kinds. 

On the supposition that the tubes can be identified throughout 
their motion in the insulating medium, their velocities are calculated. 

Discharge of a Condenser through a Fine Wire. 

When the terminals of a charged condenser consisting of two 
parallel plates are connected by a wire, the energy which was before 
the discharge chiefly between the two plates, now appears as heat in 
the wire. The electric induction tubes are supposed to move out- 
wards from the space between the plates, keeping their ends upon the 
plates or wires. They finally converge upon the wire and are there 
broken up. The hypothesis is in accordance with the doctrine of 
closed currents. For the total result is equivalent to the addition of 
so many closed induction tubes to the circuit, the induction running 
the same way relatively ^to ^the circuit throughout. When the con- 
denser is discharged by imperfect insulation of the dielectric, we may 
represent the process still as a>closed current, the two parts of which 
are the loss of induction and its dissipation, but tnis is .artificial, and 
it is more natural to look upon ;the process as a decay of induction 
without movement of fresh induction tubes inwards, and therefore 
without the formation of magnetic induction. This case is discussed 
at some length, as we can here realize what goes on at the source of 
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energy, and the results suggest that a similar action occurs at the 
source of energy or seat of E.M.F. in other cases. 

A Circuit containing a Voltaic Gell. 

The chemical theory of the cell is adopted. It is first shown that 
the difference of potential of the two terminals in open circuit is 
equal to the E.M.F. immediately after closure, because chemical action 
will go on charging the terminals, i.e., putting out energy into the 
medium, until any further charge would require more energy in the 
medium than is supplied by the chemical action necessary, according 
to Faraday's law of electrolysis. 

The level surfaces are discussed, and it is supposed that the poten- 
tials being in ascending order, zinc, copper, acid, all of the surfaces 
pass between the zinc and the acid, some of them bending round and 
passing between the copper and acid, the rest going between the 
terminals. When the circuit is closed, tubes of electric induction, 
running from acid to zinc, are supposed to diverge outwards and close 
in on the rest of the circuit, there running in the opposite direction, 
i.e., from copper to zinc. A divergence of negative tubes being 
magnetically equivalent to a convergence of positive tubes, the mag- 
netic relations of the circuit or the direction of the current will be the 
same throughout. The tendency to a steady state is discussed. The 
existence of charges in the circuit is taken to show that the tubes of 
electric induction do not enter the wire at the same time throughout 
the whole of their length. 

Current produced by Motion of a Conductor in a Magnetic Field. 

In this case it is shown that according to the hypothesis we must 
suppose a divergence of negative tubes from the seat of E.M.F. 

The General Equations of the Electromagnetic Field. 

The assumption that if we take any closed curve, the number of 
tubes of magnetic induction passing through it is equal to the excess 
of the number which have moved in over the number which have 
moved out through the boundary since the beginning of the formation 
of the field, suggests a historical mode of describing the state of the 
field at any moment. 

Taking L,M, N as the numbers of magnetic tubes which have cut unit 
lengths of the axes through a point since the beginning of the system, 
those being considered positive which tend to produce positive electric 

intensity, the equations a = -— — — , and two others are obtained. 
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From these and the ordinary current equations 4wfiu = — — - — , and 
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two others, we obtain 4*7rpu 
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others, which can be solved in the same manner as Maxwell's equa- 
tions, from which they only differ in form, in signs. The quantity 
dh . dM. . dN . 

dy 



4- — ■ 4- -7- is, however, not zero, and on forming the equations 
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for electric intensity, it is found to give rise to a triple integral having 
value at surfaces of contact of dissimilar substances and at charged 
surfaces. 

In the case when there is no material motion the components of 
electric intensity are— 
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and two other equations. 
If the system is steady. 
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On putting 
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we obtain P = 



dV 
dx 



, and two other equations. 



It is shown that these equations may be obtained without the 
special hypothesis as to the mode of motion of the magnetic induc- 
tion by assuming L==/*Pc&, M=/Q^£, "N—fR-dt. 

Equations are also obtained by considering the growth of the 
electric induction. 



